A Gram-stain-negative, fusiform-shaped, facultatively anaerobic bacterial strain, designated EBTL04 T , was isolated from activated sludge using algal metabolites and taxonomically characterized through polyphasic investigation. Phylogenetic analysis based on the 16S rRNA gene sequence showed that strain EBTL04
The genus Prosthecobacter, a member of the family Verrucomicrobiaceae, class Verrucomicrobiae, was proposed by Staley et al. (1976) with the description of one species: Prosthecobacter fusiformis. At the time of writing, five other species of the genus Prosthecobacter with validly published names have been described: Prosthecobacter dejongeii (Hedlund et al., 1997) , P. fusiformis (Staley et al., 1976) , P. debontii (Hedlund et al., 1997) , P. vanneervenii (Hedlund et al., 1997) and P. fluviatilis (Takeda et al., 2008) . Members of the genus Prosthecobacter are Gram-negative, non-motile rods, contain C 14 : 0, C 16 : 1, anteiso-C 15 : 0 and iso-C 14 : 0 as the predominant cellular fatty acids and have DNA G+C contents ranging from 54.6 to 62.9 mol%. A Gram-stainnegative, rod-shaped bacterial strain, designated EBTL04 T , was isolated in a screen of bacterial strains using algal metabolites from the activated sludge of an industrial wastewater treatment facility. On the basis of comparative 16S rRNA gene sequence analysis with closely related strains, the bacterial isolate was determined to be closely related to known members of the genus Prosthecobacter. In this taxonomic study using a polyphasic approach, including genotypic, chemotaxonomic and classical phenotypic analyses, the precise taxonomic position of strain EBTL04 T was determined. These results indicated that EBTL04
T should be placed in the genus Prosthecobacter as the type strain of a novel species.
As algal metabolites contain various valuable compounds, such as peptides, sterols and fatty acids (Shimizu, 1996; Molina Grima et al., 2003) , they can be used as carbon and nutrient sources for bacterial growth. Algal metabolites were obtained by culturing microalgae Ankistrodesmus gracilis SAG278-2 in artificial wastewater for two weeks. The artificial wastewater contained the following components (mg l 21 ): NaCl (7), CaCl 2 (4), MgSO 4 . 7H 2 O (2), K 2 HPO 4 (21.7), KH 2 PO 4 (8.5), Na 2 HPO 4 (33.4) and NH 4 Cl (3). After cultivation, algal biomass and other suspended solids were filtered with a 0.2 mm filter and 1.5 % (w/v) agar was added. By autoclaving, algal metabolites agar media were prepared to isolate micro-organisms that could utilize algal metabolites. An activated sludge sample from a wastewater treatment facility (Seo-nam, Seoul, Republic of Korea) was serially diluted and aliquots of each serial dilution were spread on algal metabolites agar media. After incubation at 30 u C for 5 days, single colonies were transferred onto fresh R2A (Difco) agar and incubated again under the same conditions. The isolate was routinely cultured on R2A and maintained as a glycerol suspension (20 %, w/v) at 280 u C after harvesting from the plates.
For the phylogenetic analysis of strain EBTL04 T , genomic DNA was extracted using a commercial kit (Solgent). The 16S rRNA gene was amplified by PCR and purified by the method of Kim et al. (2005) and the purified PCR products were sequenced by Macrogen. After preliminary sequence identification using the EzTaxon-e server (http://eztaxon-e. ezbiocloud.net/; Kim et al., 2012) , the nearly complete 16S rRNA gene sequence of strain EBTL04
T and sequences of close relatives obtained from the GenBank database were compiled using SeqMan Software (DNASTAR). Multiple alignments were carried out by CLUSTAL X (Thompson et al., 1997) , and gaps were eliminated using the BioEdit program (Kimura, 1980 ). Kimura's two-parameter model (Kimura, 1980) was employed to calculate evolutionary distances and phylogenetic trees were reconstructed using the neighbour-joining (Saitou & Nei, 1987) and maximum-parsimony (Fitch, 1971) algorithms in the MEGA4 software package (Tamura et al., 2007) and the maximumlikelihood (Felsenstein, 1981) algorithm in PHYLIP software package, version 3.69 (Felsenstein, 2009 ) based on bootstrap values from 1000 replicates (Felsenstein, 1985) .
For the Gram test, a Gram stain kit (Difco) was used as recommended by the manufacturer. Cell morphology and motility were examined under an Olympus light microscope (61000, model CX31) by the hanging-drop technique using cells grown on R2A (Difco) agar media at 30 u C for 3 days. Cells were examined for endospores after negative staining according to the method suggested by Cappuccino & Sherman (2002) . Catalase and oxidase activities were assessed as described by Cappuccino & Sherman (2002) . Assimilation, enzyme activities and physiological characteristics were determined by API 32GN (48 h, 30 u C), API 20NE (48 h, 30 u C) and API ZYM (48 h, 30 u C) kits, as suggested by manufacturer (bioMérieux), using cells grown on R2A agar media at 30 u C for 3 days. Growth at different temperatures (4, 10, 15, 20, 25, 30, 37 and 42 u C) was assessed on R2A, nutrient broth (NB), Luria-Bertani (LB), Tryptic Soy agar (TSA) and MacConkey agar media (all Difco) over 5 days of incubation. Growth at various pH values (pH 5.0-11.0 in 0.5 pH unit intervals) was determined by incubating the cells in R2A broth at 30 u C for 5 days. Salt tolerance was examined on R2A agar containing 0, 1, 2, 3, 4, 5, 6, 7, 8 and 10 % (w/v) NaCl at 30 u C for 5 days. Tests for hydrolysis of DNA (DNase agar, Scharlau) (Collins & Lyne, 1984) , skimmed milk, chitin, starch, xylan and hydroxyethyl cellulose (Ten et al., 2004) were performed and examined after incubation for 7 days.
The genomic DNA G+C content was determined as described by Moore & Dowhan (1995) . The genomic DNA of strain EBTL04
T was extracted and purified, and then enzymically degraded into nucleosides by nuclease P1 enzyme (Sigma). The genomic DNA G+C content was measured using reverse-phase HPLC according to the method described by Mesbah et al. (1989) . Isoprenoid quinones were extracted in chloroform/methanol (2 : 1, v/ v) from cells grown on R2A agar at 30 u C for 3 days. After evaporating the solvent in a vacuum, isoprenoid quinones were re-extracted using n-hexane. Crude quinones dissolved in n-hexane were purified using Sep-Pak Vac silica cartridges (Waters) and identified by HPLC (Hiraishi et al., 1996) . Cellular fatty acids were isolated from cells grown on R2A agar at 30 u C for 3 days. Saponification, methylation and extraction for the analysis of cellular fatty acids were performed as described by Kuykendall et al. (1988) . The extracted fatty acid methyl esters were separated by gas chromatography (Agilent 6890; Hewlett Packard) using the Microbial Identification software package (Sasser, 1990) and identified with Sherlock version 2.95 and the TSBA 3.9 database. Polar lipids were extracted and identified by twodimensional TLC followed by spraying with molybdatophosphoric acid, molybdenum blue and ninhydrin reagents as described previously (Minnikin et al., 1977) .
DNA-DNA hybridization was performed between strain EBTL04
T and type strains of species of the genus Prosthecobacter (P. dejongetii DSM12251 T , P. debontii DSM14044 T and P. fusiformis ATCC 25309 T ) according to the method proposed by Ezaki et al. (1989) using photobiotin-labelled DNA probes and microdilution wells.
Cells of strain EBTL04
T were Gram-stain-negative, facultatively anaerobic, non-motile fusiforms. Colonies grown on R2A agar plates for 2 days at 30 u C were 1-2 mm in diameter, circular, convex, shiny and pale yellow (Fig. S1 , available in IJSEM Online). Strain EBTL04
T and the type strains of five closely related species of the genus Prosthecobacter (P. dejongeii, P. fusiformis, P. debontii and P. fluviatilis), used in this study as reference strains, were all positive for oxidase activity and negative for catalase, alkaline phosphatase, esterase(C4), esterase lipase(C8), leucine arylamidase, urease, acid phosphatase and naphthol-AS-BI-phosphohydrolase activities. All of the aforementioned strains were negative for lipase, crystine arylamidase, trypsin, a-chymotrypsin, indole production, glucose acidification and hydrolysis, and the assimilation of phenylacetate, a-galactosidase, b-glucuronidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and afucosidase. These characteristics corresponded with previously reported data and indicated that the isolate was closely affiliated with the genus Prosthecobacter (Takeda et al., 2008) . The major phenotypic and chemotaxonomic characteristics that distinguish strain EBTL04
T from its nearest relatives in the genus Prosthecobacter are presented in Table 1 . Specifically, strain EBTL04
T could be clearly differentiated from all of the aforementioned species of the genus Prosthecobacter based on its ability to reduce nitrate to nitrite. T formed a monophyletic clade with three species of the genus Prosthecobacter (P. dejongeii, P. fusiformis and P. debontii) with a high bootstrap value of 100 % (Fig. 1) . The isolates of other species of the genus Prosthecobacter differentiated clearly. On the basis of the phylogenetic tree analysis, the following four type strains were selected as the closest neighbours of strain EBTL04 T : P. dejongeii DSM 12251 T , P. fusiformis ATCC 25309 T P. debontii DSM 14044 T and P. fluviatilis KCTC 22182 T ; these strains were obtained from their respective culture collections, cultured under the same conditions and used as reference strains in most genomic, phenotypic and chemotaxonomic tests.
Strain EBTL04
T contained the menaquinone MK-6 as the predominant quinone. The DNA G+C content of strain EBTL04 T was 62.7 mol%. These chemotaxonomic data are in good agreement with those previously reported for other members of the genus Prosthecobacter (Staley et al., 1976; Hedlund et al., 1997; Takeda et al., 2008) . Isolate EBTL04 T contained phosphatidylethanolamine, phosphatidylglycerol and phosphatidylserine as major polar lipids (Fig. S2) .
The tubulin genes (btubA and btubB) were not detected. The cellular fatty acid contents of strain EBTL04
T and three of the reference strains are shown in Table 2 . Most species of the genus Prosthecobacter contain iso-C 14 : 0, C 16 : 0, C 14 : 0 and anteiso-C 15 : 0 as the major components. However, several minor qualitative and quantitative differences in the fatty acid profiles of strain EBTL04
T and its phylogenetically closest relatives were observed. Specifically, strain EBTL04
T could be differentiated from type strains of other closely related species of the genus Prosthecobacter by the presence of C 15 : 0 , summed feature 1 (C 14 : 1 v5t and/or C 14 : 1 v5c) and summed feature 6 (C 18 : 2 v6, 9c and/or anteiso-C 18 : 0 ) and by the absence of summed feature 5 (iso-C 17 : 1 I and/or anteiso-C 17 : 1 B), C 18 : 0, C 16 : 0 N alcohol and C 14 : 0 2-OH. Strain EBTL04 T indicated relatively low levels of DNA-DNA relatedness with respect to P. dejongeii DSM 12251 T (55.8 %), P. debontii DSM 14044 T (38.6 %) and P. fusiformis ATCC 25309 T (32.3 %) and these values were low enough to assign strain EBTL04
T to a novel species of the genus Prosthecobacter. Detailed DNA-DNA relatedness values are given in Table S1 . The generally accepted standard for defining a novel bacterial species by the DNA-DNA relatedness value determined from DNA-DNA hybridization experiments is a value below 70 % with the type strains of nearest relatives (Wayne et al., 1987; Stackebrandt & Goebel, 1994; Stackebrandt et al., 2002) . According to these criteria, EBTL04
T represents a novel species of the genus Prosthecobacter, owing to the DNA-DNA relatedness experiment results.
The phylogenetic and phenotypic data shown here demonstrate that strain EBTL04 T belongs to the genus Prosthecobacter, while the phylogenetic and chemotaxonomic distinctiveness of EBTL04 T supported that this strain represents a novel species that is distinct from previously known species of the genus Prosthecobacter.
T can also be differentiated from other related species of the genus Prosthecobacter based on several phenotypic characteristics (Table 1) . Therefore, based on data presented in this study, strain EBTL04
T should be classified within the genus Prosthecobacter as the type strain of a novel species, for which the name Prosthecobacter algae sp. nov. is proposed. T . All data are from the present study. All strains are positive for urea (urease), alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, acid phosphatase and naphthol-AS-BI-phosphohydrolase activities but negative for indole production, glucose acidification, protease activity, assimilation of phenylacetate, and lipase (C14), cysteine arylamidase, a-chymotrypsin, a-galactosidase, b-glucuronidase, aglucosidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase activities. In substrate assimilation tests, all strains showed identical biochemical characteristics except those indicated here. +, Positive; 2, negative; data in parentheses are from Hedlund et al. (1997) . Description of Prosthecobacter algae sp. nov.
Prosthecobacter algae (al9gae. L. fem. gen. n. algae of an alga, referring to the isolation source of the type strain).
Cells are Gram-stain-negative, facultatively anaerobic, nonmotile fusiform, 0.7-0.9 mm in width and 3.2-3.4 mm in length, and oxidase-positive and catalase-negative. After 2 days incubation at 30 u C on R2A agar, colonies are 1-2 mm in diameter, circular, convex, shiny and pale yellow. Grows at 15-30 u C and at pH 5-8, with optimum growth at 30 u C and at pH 6.5-7.5. Normal 'good growth' was also observed on NB and MacConkey agars at 15-30 u C, but growth on these media at 10 u C was weak. On LB and TSA agars, no growth was observed at any temperature. In salt tolerance and pH tests growth is observed on R2A agar with 0 % (w/v), but not 1 % NaCl, and is observed in R2A broth at pH 5-8. Xylan is hydrolysed, but DNA, skimmed milk, chitin, starch and hydroxyethyl cellulose are not. Nitrate is reduced to nitrite. In substrate assimilation tests, glucose is utilized for growth but arabinose, mannose, mannitol, N-acetylglucosamine, maltose, gluconate, caprate, adipate, malate, citrate and phenylacetate are not. The predominant menaquinone is MK-6. The major cellular fatty acids are C 16 : 1 v5c, iso-C 14 : 0 , C 16 : 0 , anteiso-C 15 : 0 and C 14 : 0 . The major polar lipids are phosphatidylethanolamine, phosphatidylglycerol and phosphatidylserine.
The type strain, EBTL04 T (5KCTC 23681 T 5JCM 18053 T ) was isolated from an activated sludge sample by using media containing algal metabolites. The DNA G+C content of the type strain is 62.7 mol%.
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